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n a.
A bstr act
An atte mpt w as m ade to ass es sthe effect of in crea sein m ean an n ualtemperatu re arid
pre cIPltation on fo restgrowthr ate･ Bya n alyz ingdata &o m77m eteo rologic alStations and 721
for est s a mpleplo tsin differe ntfa c e sof TaihangMou ntain,it w asappr oved,throughr egr ession,
thatther e was a good r elationshipbetw e e ntemperature a nd fore stgrow ing Sto ck in the whole
Taiha ng M o u ntain. An d furthe r mor e, the effe ct oftempera:tu re on fo restgro w lng Sto ck in
diffe re ntfa c e srepr es ented by Shan xi Pr ovin cein the northw e st slope ofthe whole T aihang
M o u ntain. w hich run from s outhw e st to northe ast, and Hebei Provin c ein the so uthe a stfac e
w as a n alyz ed･ T he re s ults uggestedthat,in Shan xi Pr ovinc e, 1
0c oftem per atu rein c re ase could
r esultin 3･8 m
-'
de cre a s ein fo restgrow ing StO Ck･ Butin HebeiProvin c e, 1
0
c ofte mperatu re
in cr ea s ecouldre s ultin 6･88to8L6Sm3/ha of de cr ea s einfore stgrow lngStock fo r23year
,
s old
fore staveragely. The rehtionshipbetw e en pre cIPltatio n andfor estgr ow lng Sto ck w a snot ve ry
c ertain sinc ethe u n e v e nlydistribution ofr ainfillinthis regio n.
Key W ords Te mper atu r e､ Pr e ciplt ation, Fo restGrowingSto ck, Taiha ngM o u ntain .
1. Intr odu ctio m
Temperatu reis o n e ofthe m o stimportant c ompo n e ntsfor fore st･ The variation of Taiha ng
Mou ntain, w hich span a n a r e a of 6
o
in north latitude and about2500m in elev ation, cr e atesa
bigdiffer e n c ein te mperatu r e. Ac c o rdingto the m eteorologicalre c ords&o m 77m eteorological
stationsin T ai ha ng Mou ntain, te mper atu re v aries丘om 4 1
o
C in W utaiofShan xiPro vinc eto
14･9
o
C inJiao z uo of Hena nPr ovin ce･ This couldr es ultin abigdi飽re nc ein fbre stgro w也 r ate,
But througho ut5 0
'
s studyaRerthe e stablishm ent ofthePe ople
'
s Republic of C hin a, hardlyha s
a ny st udy bee n do n e o nthis a spect. In fore st, changein elevation w as c onsidered as an
impo rtant factor fo r site cla s sific atio nbut not te mperatu re dire ctly
[2]
. T he te mperatu re
diHe re nc e cre ated bylatitude change w a sIgnored, Actually, ac cordingto site clas sificationin
1989, Taihang m ountain w as tre ated a sfou r diffe rent regl O n Sfor affo restation s u ch a s
m ou ntainsin Hebei, M ou ntain sin Shan xi, M ou ntainsin Northpart of T ai hang Mou ntains,
which refersto ar e a with elevation m o r ethan 1500m, and Mou ntain sin South part, which
refersto are ain He n a nProvinc e. T hes e regions w er e m ainly distinguishedby ad ministr ativ e
te,ritory a nd changein ele v ation. Inside ofea chtype, althoughte mperature changes abo ut5
O
c
fro m s outhto north andtempe ratur ede c r e as e s about3to 4
o
C. sites were cla sined byface of
slope, s oilthicknes s, microtopography, a nd ele vation･ No te mperatu refa ctor w a s c o nsider ed.
T hrougho ut the world, the r elationshipbetw e eT,temper atu r e a ndbiom ass waswidelydisc ussed.
A w orld re cognized m ap
川 describe sthe ge ner ally relatio n ship betw ee n te mpe ratu r ea nd
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pre cipitation and vegetationtype change. John Gra c e(1988)
【3j
studiedthe eFe ct ofter nperatu r e
on plant produ ctivity a nd pointed out that te mperature is a very critical facto r fo rthe
produ ctiv ity Ofplantsin Engla nd where te mperatu re w a s alimited fa ctor fo rthe gro wth of
plantsITt w a sco ncludedthat whentemperat ur ein cre a sel
o
C, theproductiv ity could incr ea seby
lO %.Ya ng(1997)dem onstrated a1.5t ol-9tim e sincre a s ein bio m a ss aftertra n sfe rplant c o r es
do wrl tO 8 00m which re sultin a temper ature differ e nc e of 5
o
C in north in Engla nd, T he
c o ndito ninT ai ha ngM ou ntainisquietdifFe rentinclim aticfacto rs t o the c o n dition ln
Engla nd. Itis w ell know nthatthe v egetation typein Taiha ng Mou ntainis m ainlylimitedbythe
low precIPltatio n a nd dr o ught c o ndition. The r efor e,itis no do ubt thein cre a s ein te mpe ratu re
wilr ais ethe evapotransplr ation and re s ultsin a mor e s e riou sdrought c ondition which willa ct
o nthe growth rate oftre e s. As T ai ha ng Mountain alre adylo cated atthe traJISition zone of
sparsefo rest, shr ub, a ndgras sland in term s ofthe generally relationshipbetw e en te mpe ratu re,
pr e cIPltation and veget ation distributio ninthat m ap
ll】
L T her efo r eitisinte r estlngtO find o ut
how bigthe effe ct ofte mpe ratu r ein cre a se on for estgrowth rate win be?T his can als o r ede ct
thetrend of forest u nderglob alw ar mlng.
2. Va riatio n of Tem pe r atur e a nd R ainfallin T aiha ng Mou ntain
T he r elationshipbetw e e ntempe ratu reand ele v ationhasbe en wellre c ognized. Generally, when
elevalio n r aise100m ete r, te mpe r atu re will de c re as eO･4
-0･7
0
c･But the r elatio n shipbetw e en
te mper atu re a nd elevation has bee n hardly studied･ ln Taihang Mountairl. the relatio n ship
be tw e e npr e cIPltatio nand elevation hasbe en notic edthat when ele vatio nincre a s epre cIPltation
wi ll in c r e ase
,
whe n el vation r e a ch a c ertainlJ Vel, pr e cIPltation willsta rt to drop･ An attempt
w a s m ade to testifythe c o rrelatiorlbetw e e nthe s etw o clim atic fa ctors with latitude and
elevatio nby c olle ctlngdata fr o m77m ete o r ol glC alstatio n s allo v e rthe Taihang Mo u ntal n
Com 34
o42' to 39
o5 91 north latitude. T he c orr elation betw een latitude and ele v ation and
te mperaturew a s expre s sed bythefbllow l喝 equation:
T- 15.4-0.62×(L13 4.7)-0.52×(H/1 00) r
2
- o,91 n - 74 (1)
W he re
,
T- aver age ann ualtemper atu re, L-degr e e ofno rth latitude, H
=
elevationin meter.
The corr elatio n ofprecIPltatio n with latitude a nd elevatio ndid not sho w any signific ant
relatio nship. T herefore, it w a shardto pr edict any pre cIPltation changeby m e a n s ofelevation
change,
3. Va riation offor est growth rate alld in relation to te mpe r atu r eand pr e cipitatioJI
change.
ln ordertodevelopthe relationshipbetw e e ntemper ature, pre clpltation andfore stgr owth r ate .
Datafro m 721s ampleplotsfro mShan xi Provin c e, Hebei ProvirlCe and Beijing w a sanalyz ed･
3.1 Relationship betw e en te mperatllre, pre cipitation and forest grow lng Sto ck in
Taihamg M o uIltain .
Firstly, data of forestin vestlgationin cluding 721sa mp一e plots 丘
.
o m Sha n xi Pr o vin c e
,
Hebei
Provin c e, and Beijing w as c ollected a nd c ollated. Ba s eon thelo cation and elev ation ofs a mple
plo ts, terrlperatur ein diFe r e nt s a mple plots w a s calculated a ccording to equation 1 and
rn ete or ologlC al datafrom ne arby m ete or ologl Calstation. Since ther e w as not any relatio n ship
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betw ee n ele v ation and pr ecIPltation, pre clptation fr o m nea rby m eteo rologlCalstation s w as
r e c ogniz ed as the pr e cIPltation ofthe sa mple plotsI Next, straightfo rw ard lin ear regre ssio n
betw e en tem peratu r e a ndgrow ing Stock w as establishedto e stim ate the effect oftemperature
on gro wing st o ck Butjust as what was c on cludedby Le ith(1972)P
】intrylngtO regre s sthe
r elatio nship of pr odu ctiⅥty and te mperatu re, a c urate field m ea s叫re m e ntS Of net pn mary
produ ctiv ity W er e n otorio uslydi丘ic ultt oa chieve/bec au s es ampling problems･ T he R squared
w as o nlyO･23whichsuggested exa ctly no c orr elatio nbetw e nte mpe ratu r e andgrowlngSto ck.
This w as very re a s onable sin c e manyfact ors such asfa ce ofslopes, lo c atio ns u ch a s valley,
slope, s oilthickne ss, pre clpltatio n, age of new planted fo r est, co uldre s ultin big o rsm all
influ e n c e o ngr o w ing StO Ck･ ln o rderto decre as etheinnu e n c eofdi 銑汀entfa cto rson gro w ing
stock of di Fer erlt S a mple plots- data with differ ent te mperatu re wasdivided into difFe rerlt
gr o ups to a chie v e a n a v erage re sult to c ompro mis ethe v a riatio nc a us ed bydifFTerentfacto rs,
Sin c ethe s a mpleplotsin differentgro ups w e re not ev enlydistributed, sa mplingdatalisted in
TableI w ere grouped bye v ery2
o
C oftempe ratu re cha nge.
工些しLE竺些 軸 _ _ _ _
te mpe ratu r egrOW lng av e r age average Pre CIPl- age directiorl soil s amplirlg
interv al sto ck height W H D tatio n ofslope
'
thickne ssnu mbe r
oc (m
3
) of (cm) (m m) (a) (c m)
tre e
0-1.9 80.25 8.63
2-3.9 67.12 7. 3
4-5.9 9 6.2 7.89
617.9 48.6 5.97
819.9 44. 8 6
.
78
10-11.9 3 9.67 6.27
12-13.9 3 4
,
02 6.59
1l
.
08 43 6 23.3 5.79
9.44 527 18
,
8 5.56
12
.
3 8 586 23.6 4.59
9.43 618 24
,
4 4.30
9
.
08 588 22,1 4.30
8.86 582 24.3 4.63
7.06 53 4 15.5 2.32
48 61
49 32
60 3 8
60 133
51 244
48 167
50 18
JT‖hisill＼･.e Stigatio n. dire ctio n ofslopes w asdi videdby8. 1 directio n m ea ns s ot1theast(SE), 2 m e ans sotlth and
otherdirectionfollo wthat w ay･ 8 m ea n sNet So the ニ､′erage Of 8 directionsis 4･5･ 1fthe n u mber ofaverage
directio nis low er thaI1 4.5
,
tllerewi llbe more sample plots in so uth dire ctlO n Otherwisethere w lll be m ore
s ample plotsin north fa ce.
On ba sis oft able1, the c orr elation betw een te mperatu r e, pr ecIPltation, dir e ction ofslope s and
for estgrowlngSto ck w as established･ T hebe st c o rrelatio nlin ealwas expre ssed inthefollo w lng
W ay:
v- 104,02十PxO,066- Tx6.621 Dx7.88 r
2
-o.72 (I)
W here, V= grow lngSto ck, P- precIPltatio n, Tqe mperatu re, D-dire ction ofslope s･
The above equatio nsuggestedthatfo rev e ryl
o
C ofchangein m e an a n nualte mperatu r e, fore st
gr o w lng St o ck w o uld de cr e a s e6･62m
-
1
.
ifpr ecIPltation rais elOOm m. fo r est grow ing St o ck
w ould in cre a se6･6 m
3
1 T his m odel illustrated the relationship betw ee n tempe ratu r e,
pr ec-plta tio n arid fore stgrow lngSt o ck illthe specialreglOn with a n an n u alpreclpltatio n varylng
fro m500to6 00a nd m ean airte mperatu r e spa n nlngfr o m0to13
o
C･ Ho w e v e r､ the coefBcie nt
ofpre cIPlt ation m ay notbethe tru th, as500m m ofpre cIPltatio nis rightthetransition area of
spars eforest t o shrub and gra s sland, even li-Ltle cha nge irl preClpltation may c a u s ed a big
differe n c ein vegetationtype.
Ge n er ally speaking, the r eis a slgnific a nt differerlC ebetw e n the c ondition of S ha nxi, which
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r epres entsthe northw e stslope ofthe whole Taihang m ou ntain, which r u n丘
.
om southw e st to
northe a st
,
a ndthe condition of Hebei, He n an and Beijing, which located in the so uthe a stslope
orthe whole Taibang Mou ntain, In Sban x l, Slopeisge ner allyin n o血 w e stdire ctio nandge ntle,
and s oilthickne s sis gener ally ev e nly distri buted･ In Hebei, slopeis ge nerallyin s outhw e st
direction a nd ste ep, andthe s oilthickn es sis v ery v ariable･ T her efo r e,itis n ec e ssary t olo ok at
the relatio n shipbetw e entw o clim aticfact ors､ tem per atu re andpr eclpltatio n, a nd fo restgr o w lng
stock in differe nt c ondit on.
3･2 T he relation ship betw ee n temperattl re, pre cipitation a nd fo rest gr o w lng Stock in
s outhe a stslope of Taihang Motultain ･
T hedata of 273s a mpleplots&o m H ebei Provinc e and Beijing, which a r e v e ry n e a r e a ch othe r
andrepr es ent the s outhe astslope ofTaihang Mo untain, w a sc olle cted and c ollatedby m eans of
the s am e analysis m ethod a sin3.1･ Compar edt othe whole T ai ha ng m ountaln, ternPer atu rein
the e a st slope change o nly丘
-
om 60C to130C･ Bydividingte mperat eda:tairltOdiffere ntgroups,
table2 is obtained.
Table 2. Forestinvestlgatio ndata grouped bydiffere nt temperatu re inte rvalsin e ast slope of
三重 辿 些垂+__
te mperaturegrOW lng
inte r val sto ck
_ _ ⊥ _+聖ニL
6-6.9 67.98
7-7.9 50.28
8-8.9 45.41
9- 9.9 4 4.1
1 0- 10.9 36.5 2
ll- ll.9 32.85
12-12.9 18.3 9
dire ctio n s oil sa mpling
ofslope thickn e ssdu mber
___ __ _ _ _ _ +望 + _____ _
4
.2 73.7 23
3.9 59.5 3 4
4.4 493 26
4.1 45.1 75
4
,
3 47.6 58
Pre CIPl- age
tatlOn･
_ 也 ++坐_
557 22.4
542 21,8
553 23.7
572 24.8
570 22.I
5 95 24.3 4,2 4 1.4 37
568 23.5 4.6 38.3 19
T he best c orr elatio n betw een temper atu r e, precIPltation and fo re st growl ng Stock w as
expre ss eda sthefollo wi ng equation:
v -107.5- Tx6.88 r
2
-o.94 (2)
v- -74.5＋PxO.30- Tx8,68＋StxO.26 r
2
-o.99 (3)
Fro m thistw oequ atio n s, itis obviousthat the c orrelatio nbetw e e ntemperatu re, pr e cIPltation
andgrow lng Sto ck is stro nglyrelated. W he nte mperatur eincrease l
OC, fo r e stgrow lng Stock
de cr ea se6.88to8.68m
3
nla
,
for23ye ar
'
sfo re st av er agely, w hich is r oughlyaboutlO %. An d
for e v ery-00m rnincreas ein preclpltation, growing sto ck incre a se3 2m
3
nlafor a veragely23
ye ar
'
s forest. which is abo ut41 %･ T heseequ ation sugge st5 00to 600m m ofpre cIPltation is
very criticalfor fore stwhen te mperature v arying &o m 6to 13
OCI But equatio n3 m ay riot
c orr ectlyrenect the relationshipbetw e e n s oilthickne ss a nd fore stgro w lng StO Ck･ The effect of
soilthickness c ould behigher a sin Taihang Mou ntain s oilthickrle S Salw ayslimitedthegro wth
oftr e eespe cially whe n s oilthickne sisle s sthan 30cm ･ Itis suspe ctedthat the relation ship
be tw e e n s oilthickn ess a ndfore st grow i ng Sto ck m aybe
Joffset by the str o ng c orrelatio n
betw ee nte mper atu r eandgrow lngStO Ck･
3.2 T he r elatiozIShip betw e e nte mperatu r e, pre cipitatioI) and fo re st grow lllg Sto ck ill
n o rthw e st slope orthe whole Taiha ngM o untain.
co mparedto the re sult from Hebei, the resultfro m S han x IProvinc e w as n ot s oide al･ T he
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a v er aged data of difer e ntte mperatu reinterv al w aslistedintable.3.
Table3I Fore stin v estlgation datagrouped bydiffer e nt temPer atu reinte rvalsin no rthw e stSlope
塑 _
te mperatu re gro wlng Pre Clpl- age dire ctio n s oil s ampling
inte rv al sto ck tation ofslope thickne s nu mber
oc (rn
3
) (mm) (a) s
2-2.99 67.18 53 4,9
3-3.99 52. 1 5 02
.3
515.9 9 95.52 5 51
,
6
6-6
.
99 50
,
96 645.0
717,99 46.06 63 0.0
818.99 40.23 61 6
.3
919.99 50.0 0 5 89.2
10-10.99 50.91 539.5
111 1.99 58.82 5 66
.
4
18.0
20.1
22.5
23.9
23
.0
5
.8 53
5.6 44
3.4 55
4.4 47
4.8 49
2 0,4 4
.6 51
22
.
4 4.7 53
19.9 5
.0 54
19.6 5.6 53
19
12
24
49
54
87
26
28
8
Fro m abovetable, tw oregr e s sio n models w ere obtain ed:
V- -149･5- Tx3･8＋Stx316＋Ax2･2 r2-o.64 (4)
a nd
V - -170･6-PxO･19- Tx2･9＋Stx5.21＋Ax5.20 r2-o.79 (5)
Whe r e, A #or estage.
From the s etw o equ ations, itis cle arthat thereis a n egativ e relationshipbetw e e nte mpe ratu r e
andfore stgro wlng StO CkL But the relatio n shipbetw e e nprecIPltatio n a nd forestgro w ingSto ck
is stronglyagaln St the n atu ral 1a w forthedistribution ofvegetation inthis reglOn . This c o uld be
ca usedbythe unevenlydistributedpreclpltation a spr ecIPita:tio nalw ays v arie s丘
･
om pla c eto
plac e e v e ni a s m allar ea. Als othe negative r elatio n shipbetw e en pre cIPltation and fore st
gro w l ng Stock in equation 5 offset the negative e飽ct oftemperature on fo restgro w ing Sto ck.
tnfa ct
,
theimpa ct oftempe r ature on fore stgrowingst o ckshouldbehighe r. So, equatio n4can
be abetter equation to expr es sthe r elationshipbetw ee ntemper atu r eand fore stgrow lngStocks
in northw e st slope ofthe wholeTaihangM o u ntain,
4. Dis cu s sion
Usingdife renc eintemperature c aused byele v ation andlatitude changeto studythe effe ct of
glob alw ar ming w a s s ugge sted IPC C(1992)a ndm any other s cientist･ Usingthis m ethodology,
Ya ng(1997)studied the effect ofglobal w a ming o nthebiom a ssin upland gra ssland and
suggestedthat a 1.5to 1.9tim e sofin cre a sein bio m assco uld happeniftempe raturein creas e
5〔
】
c in thegr ow lng Se as onin England･ T hepr edictio nofthe v aria土io n ofpre clptationisalw ays
a diFI C ult problem s uch a sthe pr ediction ofpre clpltation by G C Ms for a certain reglO n.
Although, fr o m geologicalpolnt Of view , Taihang Mo untainsis a relativ e sm allreglOn,
precIPltatio nals o changes alotfi
･
o m are ato area. So thereis n ot a ny r elationshipbetw e e n
elevation and latitude. T hepr edictio nofthe in flue n ce ofpre cIPltatio no nfor estgrow lngr ateis
also diFIC ulty a sdiffer ent equ ationhasdiffe rentre sult.
Althoughdifferent m odelshavediHerentco eFI Cie n c eforte mperature, thetrerld is veryobvious,
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Allin c reaseirlte mperatureirlC r ea Se Willn odo ubt re s ultirlan de crea s ein for e stgro w lng Sto ck
tho ughthe dec rease rate m ay change 丘
.
or r)3.8 irtSha n xi Pr o vin c eto 8･68 in Hebei Province ･
T he author believ ethis is re as on able, a sin Shan xIProvinc e, soilc o ndit on is ge nerally
better(no tv ery st ony asin Hebei Pr ovince)a nd, fr o mlarge geogr aphicalpoint of vie w, slopes
in Shan xlprovin c eisin n o rthw e st dir e ctio naJldis ins outhea st directionirl HebeiProvin c e.
Tem per at ur e may pr odu c ealo werinflu e n ce on forestgrow lng Sto ck in north fa c e ofthe
m ou ntain a nd inbette r soilco ndit on wheres oilc a nhold m or e soilin r ea so nsea s onforthedry
se a s o n
L6]
.
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